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(54) ORGANIC ELECTROLUMINESCENT ELEMENTS 

(57) One object of the invention is to provide an organic EL device which uses an optical and electronic functional 
material particularly less susceptible to physical changes, photochemical changes and electrochemical changes, and 
can give out light emissions of various colors with high reliability and high light emission efficiency. Another object of the 
invention is to provide an organic EL device comprising an organic thin film formed by an evaporation technique of a 
compound that has high amorphism and high compatibility with a hole injecting electrode, said organic EL device being 
substantially free from a driving voltage increase or a luminance drop and a current leakage with neither development 
nor growth of local non-emitting spots, and so being capable of emitting light with high luminance, and high reliability 
such as high heat resistance. Yet another object of the invention is to provide an organic EL device using a multilayered 
film, said organic EL device comprising a hole injecting electrode or an organic material combined therewith, to which 
the optimum work function is imparted, and having high heat resistance. A further object of the invention is to provide 
an organic EL device capable of having high Hole mobility and so obtaining much higher current density. 

Such objects are achievable by the provision of an organic EL device comprising organic compound layers, at least 
one of which has a skeleton represented by formula (I) : 



( I ) 



where Lo is any one of o-, p-, and m-phenylene groups which have two, three or four rings and which may have a sub- 
stituent with the proviso that when Lq is a phenylene group having four rings, the phenylene group may have an unsub- 



stituted 
groups: 
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or substituted aminophenyl group somewhere therein, R 01 . R» *03 and are each anyone of the foHowing 




Pl6 



14 
Rl5 



where R n , R 12 . R» ^ *. and R 17 are each a substituted or unsubstituted ary. group, and r, r, r 3 and r 4 are 
each an integer of 0 to 5 with the proviso that r 1 + r 2 + r 3 + r 4 z> i . 
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Description 
TECHNICAL FIELD 

s The present invention relates generally to an organic EL (electroluminescent) device, and specifically to a device 

which emits light upon the application of an electric field to a thin film of multilayered structure. More specifically, the 
present invention is concerned with an organic electroluminescent light emission device including a hole injecting layer 
comprising a specific triarylamine polymer, so that low driving voltage, stable light emission, high quality display images 
and high heat resistance are achievable. 

10 

BACKGROUND TECHNIQUE 

An organic EL device comprises a thin film containing a fluorescent organic compound interleaved between an 
electron injecting electrode (cathode) and a hole injecting electrode (anode), and emits light making use of light emis- 
is sions (fluorescence and phosphorescence) upon deactivation of excitons which are generated by injecting electrons 
and holes in the thin film for their recombination. 

Features of the organic EL device are that surface light emission of high luminance of the order of hundreds can- 
delas/m 2 to scores of thousands of candelas/m 2 is achievable at a low voltage of up to 1 0 V, and blue to red light emis- 
sions are achievable by selecting the type of fluorescent material. 
20 On the other hand, problems with the organic EL device are that its light emission life is short, and its storage 
robustness and reliability are low for the following reasons 

(1) Physical Changes of Organic Compound 

25 An inhomogeneous organic thin film interface caused as by the growth of crystal domains is responsible for a drop 
of the ability of the device to inject holes, short-circuiting, and dielectric breakdown. Especially when a low-molecular 
compound having a molecular weight of 500 or less is used, crystal grains manifest themselves and grow greatly, result- 
ing in a strikingly reduced film property. When an organic thin film interface with ITO or the like is roughened, too, crystal 
grains manifest themselves and grow greatly, resulting in a light emission efficiency drop and current leakage which 

so eventually lead to non-emission. This is also a leading cause of local non-emitting spots, i.e., dark spots. 

(2) Oxidation and Delamination of Electron Injecting Electrode 

To facilitate injection of electrons, for instance, Na, K, Li, Mg, Ca, and Al has so far used as a metal having a low 
35 work function. However, when these metals react with atmospheric moisture or oxygen or the organic layer peels off the 
electron injecting electrode, it is impossible to inject holes. Especially when a high-molecular compound is formed into 
film as by spin coating, solvent residues after film formation, moisture and decomposed products accelerate the oxida- 
tion reaction of the electrode, and causes the delamination of the electrode, resulting in local non-emitting spots. 

40 (3) Low Ught Emission Efficiency and Generation of Much Heat 

The generation of heat is unavoidable because a current is passed through the organic compound and so the 
organic compound must be placed in a high field strength. The heat then gives rise to the melting, crystallization, and 
thermal decomposition of the organic compound, resulting in a deterioration and breakdown of the device. 
45 ■ - 

(4) Photochemical, and Electrochemical Changes of Organic Compound Layer 

Upon passing a current through the organic material, the organic material degrades, resulting in defects such as 
current or exciton traps. These defects in turn cause a deterioration of the device such as a driving voltage increase or 
50 a luminance drop. 

Practical light emitting devices are used in various environments. Especially when such a device is used in high- 
temperature environments, the quality Of display images drops or the device breaks down because of the crystallization 
or physical change of the organic compound or the rearrangement, i.e., migration, dispersion, etc. of the organic mole- 
cules. 

55 A hole or electron injecting electrode interface that is an interface between an organic material and an inorganic 
material, especially the hole injecting electrode interface has a great influence on the film property of the organic mate- 
rial layer during film formation. In some cases, several problems arise; an inhomogeneous organic layer is formed on 
the hole injecting electrode, and no good interface can be formed. 
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For this reason it has so far been reported to use on the hole injecting electrode interface in an organic EL device 

^ thSselves wfTeK* operated over an extended period. This is because the phthalocyanme accelerates the 
"^^^TnS^ SaS thereon due to its own microcrystalline nature. For polyphenylenev.nylene. .t » 
Cfy f ti^L fa ^DrSes^such as spin ooating wherein atmospheric impurities such as mo.sture are entrained 
requ. ed to use a we proc ^ ess SLJC ^ P Q a 9 re entrained ^ rdtn upon conversion from its precursor. Thus, the 

St^ r C» to' baanl^S, H^™ ,™lnd L M r»*tt»» I. no, coined, and that a 

Snn« ba coined .n a ft* ln ls Cn<, .Mend, dunng hl 9 h.,«ap»*ra *raga. 

DISCLOSURE OF THE INVENTION 

function is imparted, and having high heat res,s * an ^" b| of having high Hole mobility and so 

A further object of the invention is to provide an organic EL device capaDie pi n d v.i. H y 

obtaining much higher current density. «.,iw„Mn. 
Such objects are achievable by the inventions defined below as (1) to (10). 

(1) An organic EL device comprising organic compound layers, at least one of which has a skeleton represented 
by formula (I): 



(Roi)ri 

(i) 



> , =. a ™ m9 ol o- d- and m-phenylene groups which have two. three or four rings and which may have a 
unsubstituted or substituted aminophenyl group somewhere therein, Rpi . R 02 . *03 ana h 04 are e« y 



following groups: 
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and 




where R 11t R 12 . R13. R14. R15. R 16 and R 17 are each a substituted or unsubstituted aryi group, and r r , r 2 , r 3 and r 4 
are each an integer of 0 to 5 with the proviso that r 1 +r 2 + r 3 + r 4 ^1. 

(2) The organic EL device of (1), wherein a set of phenylene groups represented by Lo is a 4,4'-biphenylene group. 

(3) An organic EL device comprising at least two organic compound layers, wherein the organic compound layer 
recited in (1) or (2) is an organic compound layer having a function of injecting and transporting holes. 

(4) An organic EL device comprising three or more layers including at least an organic compound layer having a 
function of injecting holes and at least an organic compound layer having a function of transporting holes, wherein; 

the organic compound layer recited in (1) or (2) is an organic compound layer having said function of injecting 
holes. 

(5) The organic EL device of (3) or (4), wherein at least one layer of said organic compound layers includes a light 
emitting layer containing a hole transporting compound and an electron transporting compound. 

(6) The organic EL device of (5). wherein said light emitting layer exists between the organic compound layer hav- 
ing a function of injecting holes and/or the organic compound layer having a function of transporting holes and the 
organic compound layer having a function of transporting electrons and/or an organic compound layer having a 
function of injecting electrons. 

(7) An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer 
having a function of injecting and transporting holes as recited in (3), an organic compound layer having a function 
of transporting holes, a light emitting layer, and an electron injecting electrode laminated on said hole injecting elec- 
trode in the described order. 

(8) An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer 
having a function of injecting holes as recited in (4), a light emitting layer, and an electron injecting electrode lami- 
nated on said hole injecting electrode in the described order. 

(9) The organic EL device of any one of (3) to (8), wherein said organic compound layer having a function of inject- 
ing holes has a thickness of at least 1 00 nm. 

(1 0) The organic EL device of any one of (5) to (9), wherein said layer containing said compound has a Hole mobil- 
ity of at least 1 .0 x 10' 3 cm 2 /Vs. 

(11) The organic EL device of any one of (5) to (10), wherein the Hole mobility of said layer containing said com- 
pound is up to a half of that of said light emitting layer. 

ACTION AND EFFECT OF THE INVENTION 



With the organic EL device of the invention wherein the compound represented by formula (I) is used for a hole 
injecting layer or a hole injecting and transporting layer, it is possible to achieve consistent and uniform light emission 
due to an improved thin film property. The organic EL device of the invention also remains stable or uncrystallized over 
a period of 1 year or longer in the air. The aforesaid compound is characterized by having in its molecular structure a 
phenylenediamine skeleton to optimize hole injection efficiency and a benzidine skeleton (biphenyldiamine) and a skel- 
eton having diamines with respect to a plurality of phenylenes to improve Hole mobility. Further, the organic EL device 
of the invention can stand up to high-temperature driving, and can efficiently emit light at a low driving vottage and a 
small driving current. Furthermore, when the organic EL device of the invention is continuously driven, there is only a 
slight or limited increase in the driving voltage. It is here to be noted that the EL device of the invention has a light emis- 
sion maximum wavelength of the order of 400 to 700 nm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a general schematic illustrative of one exemplary architecture of the organic EL device of the invention. 

Figure 2 is a 1 H-NMR spectral diagram for synthesis example 1 . 

Fiqure 3 is a 13 C-NMR spectral diagram for synthesis example 1. 

Figure 4 is an infrared absorption spectral diagram for synthesis example 1 . 

Figure 5 is a 1 H-NMR spectral diagram for synthesis example 2. 

Figure 6 is a 13 C-NMR spectral diagram for synthesis example 2. 

Figure 7 is an infrared absorption spectral diagram for synthesis example 2. 

Figure 8 is a 1 H-NMR spectral diagram for synthesis example 3. 

Figure 9 is a 13 C-NMR spectral diagram for synthesis example 3. 

Figure 10 is an infrared absorption spectral diagram for synthesis example 3. 

Figure 1 1 is a 1 H-NMR spectral diagram for synthesis example 5. 

Figure 12 is a 13 C-NMR spectral diagram for synthesis example 5. 

Figure 1 3 is an infrared absorption spectral diagram for synthesis example 5. 

Figure 1 4 is a 1 H-NMR spectral diagram for synthesis example 6. 

Fiqure 15 is a 13 C-NMR spectral diagram for synthesis example 6. 

Figure 16 is an infrared absorption spectral diagram for synthesis example 6. 

Figure 1 7 is a 1 H-NMR spectral diagram for synthesis example 7. 

Fiqure 18 is a 13 C-NMR spectral diagram for synthesis example 7. 

' SS^US^ according to the invention and MTDATA that is a conventual matenal. 
BEST MODE FOR CARRYING OUT THE INVENTION 

The organic EL device of the invention comprises organic compound layers, at least one of which contains a com- 
pound having a '^^^^^^ phe ny le ne groups. Included in the set of phenylene groups rep- 

Ron , R 02 . Ros and R 04 are each any one of the following groups: 



7 



5 



14 

and 

5 




SC ;l 9 3^uX^!te«uted .„! « **» groop, an »ylox, group, and t» MK»ng group: 



6 
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10 where R 2 i and R22 are each an unsubstituted or substituted aryl group. 

The aryl group represented by R 2 -|, and R22 is preferably a monocyclic or polycyclic aryl group having 6 to 20 car- 
bon atoms in all. For instance, phenyl, naphthyl, anthryl, phenanthryl, pyrenyl, perylenyl, o-biphenyl, m-biphenyl, and p- 
biphenyl groups are mentioned, with the phenyl group being most preferred. These aryl groups may have a substituent 
such as an alkyl group having 1 to 6 carbon atoms, and an unsubstituted or substituted aryl group. A methyl group is 
is preferably mentioned for the alkyl group, and a phenyl group is preferably mentioned for the aryl group. 

In the present disclosure, ^ , r 2 , r 3 , and r 4 represents an integer of preferably 0 to 51 especially 0, 1 and 2, and most 
especially 0 or 1. It is then preferred that r A + r 2 + r 3 + r 4 is at least 1, especially 1, 2, 3 or 4, and most especially 2, 
3 or 4. R01, R 0 2. R03. and R04 bonds to the meta- or para-position with respect to the N bond position; R 0 i, Rq2» r 03 
and R04 may all bond to the meta-positions, R 0 i, R02. R 03 and R 04 ma y all bond to the para-positions, or some of R 01 , 
20 R 02 , R 0 3 and R 04 may bond to the meta-positions while some may bond to the para-positions. When r n + r 2 + r 3 + r 4 
is at least 2, R^, R 0 2. R 03 and Ro4 mav be different from or identical with one another. 

Preferable examples of such compounds are given by the following formulae (II) to (VII): 
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(i») 



0 



(Ro*)^ 




(VI) 



(R(34)r4 



(VII) 
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Table 2 



10 



15 



20 
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Substition 



Compound General Substition ----- r 4 
No . formula " 1 position _v 



(ID 



|v| — 4 H- N- 4 



8 (») 



9 (ID 



10 (ii) 



11 (I") 



12 CD 



6 



H 3 C 



H 3 C 
H 3 Q 



6 



H- 4 H- 



■V 4 H- 

N- 




4 H- 




4 H- 



N— 



N— 

6 



N 



_ 4 H- 



N 



_ 4 H— 



"•IM- 4 H N- 




N— 4 H- 



IK 




N 



— 4 H- 



%J 
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Table 3 



Compound General R Substition R Substitlon 

No. formula 1 position 2 3 position 
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Table 5 
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Table 6 
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Table 7 



Compound General R Substition _ R Substition 
No. formula 1 position 2 3 position 
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Table 8 



Compound General 
No. formula 



Substition 



Substition 



Ri position R 2 R 3 position 



R4 



41 (ID 



42 (II) 



N- 

0 



43 CD 



N- 4 



0~ N 



N- 



0 



<Q- n 



CH 3 



N- 



4 H- 



4 H- 



4 H- 



45 



HoC 



44 (ID 



0 

H 3 C 



N— 4 H- 



N— 

0 




(ID N— 




4 H " ^ 0 



4 H- 



4 H- 



1R 
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Table 9 



Compound General Substltion Substition 

No. formula R 1 position R 2 R a position M < 



Q Q 

N- 4 H- „ /=< 



N- 

46 (II) 4 H— /=< 4 H- 



47 (II) H- 4 H- 4 H- 



<Q-N 



48 (ID H- 4 H- ^ 4 H- 



49 (II) H— 4 H— /=< 4 H- 

0~ CH3 



50 (II) H- 4 H- /*=< 4 H- 



CH 3 
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Table 11 



Compound General 
No. formula 



56 (II) H- 



57 (II) H- 



58 (II) H- 



59 (II) H- 



60 (II) H- 



Substition 
R 3 position 
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Table 12 



Compound General 
No. formula 



61 



R 3 



Substition 
position 



(II) H- H- 




N— 



62 (II) H- H- 



0" N 




63 (II) 



N— 



H- H- O 




64 



0~ N 



(II) H- H- 



N- 



20 
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Table 13 



Compound General 

No. formula R i R 2 



Substition 
R 3 position R 4 



65 (II) H- H- 



H 3 C Q 4 

N- 



H- 



66 (H) H- H- 



h 3 c-^^-n; 



4 H- 



H 3 C-<> 



N— 



67 (II) H- H- 




4 H- 




68 (II) , H- 



0~ N 



H- 



N— 

~ 0 

o-«. - 



4 H- 
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Table 14 



• . Substition 

Compound General r 3 Qn 

No. formula ^ . K 



70 



H 3 C {J 

69 (") H- H- N- 



0 




(ii) h- h- m; 



N— 




cP-V 



71 (»> H- H- M N _ 

0 
0- N 
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Table 15 



Compound General Substition ^ Substition 

No. formula Rl position R 2 position R 3 R * 



72 (II) N— 4 N- 4 H- H- 



H 3 C H3C 



N _ 4 >J- 4 H- H- 




74 


(II) 


h 3 chQ 


H3C-O 
4 N— 4 H " 






O 


d 


75 


(II) 


<Q-CH 3 
N— 


<Q-CH 3 
4 N- 4 H ~ 






d 




76 


(II) 


H3C-O 


4 N- 4 H- 






h 3 chQ 




77 


(ID 


H 3 C 


4 >s|- 4 H " 






H 3 C 


0 

H 3 C 
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Table 16 



Compound Genetal _ Substition Substition 
So formula R 1 position PQS't.on 



78 (II) 



H 3 C-Q 

N— 



H 3 C 



H 3 C 

79 (I') _y N ~ 4 

O 



N— 4 H 



H 3 C 
H 3 C 



N- 

d 



4 H 



80 CD 




N- 




N- 

d 



4 H 



OQ 

81 (I") N— 4 N- 4 



d 



82 (ID 



yj-\j 



83 (I') "N— 

O-O ■ 




N- 
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Table 17 



Compound General Substition Substition 

No. formula Rl position R 2 position 
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Table 18 



No. 



89 00 



^m: n- 

H " 4 0 4 



90 (,,) 4 



4 



"N- 

91 CO 



IN— / 

0 4 H3< K_ 0 



N- 

4 



H 3 C, 

92 CD 0 4 



o 4 



CH 3 



CH a 
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Table 19 



Compound General R Substition R Substition R 
No. formula 1 position * 2 position 3 
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Table 20 



qyhstition Substition Substition 

Compound Genera. Ri gggon Rg ^^^^ 



98 (ID 



^MT N- 
f=< H 3 C i> 



H- 4 H- 



d o o 



H 3 C, 

100 00 4 



H 3 C 

d ^ ^ 



CH 3 



Q~ CH 3 Q- CH 3 Q" 

/.IX X, S M- A - N 

102 (I') N ~ 4 



N- 4 N- 4 



H 3 C-Q H 3 C-Q Q 

103 (») ^N- 4 _V 4 / N ~ 

d o o 
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Table 22 
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Table 23 
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Table 24 
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Table 25 



Compound General Substition Substition 

No. formula Rl position R 2 Ra position 
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Table 26 
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Table 27 



s 

Compound General Substition Substition 

No. formula R i position R 2 R 3 position R 4 
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Table 28 
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Table 29 
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Table 30 
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Table 31 



Compound General Substition 

No. formula R 1 position R 2 R 3 
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Table 32 



Compound General Ri ^ition »>" ^ 
No formula " 1 position 2 K 

O 

3 H 



N— 

165 (ID 



166 



N- 3 H- /=< 



(II) H- 3 H- /J 

0- N 



N- 

/=< 3 H 



167 (») H ~ 3 H ~ 



0 
0~ N 



9 \ 

CH 3 



168 (») H- 



3 H- 



N- 

3 



Q~CH 3 



169 (ID H- 3 H- 0 

H 3 C-Q-N 



N— 

3 



CH 3 



40 
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Table 33 
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Table 34 



Compound General 
N 0# formula 1 



R 2 ^3 



Substition 
position 



Q 



N- 



175 CD H- 



177 



178 00 



H— _ ^ 

<X>\ % 



3 H- 



176 CO H- H- 



(II) H- H- \_4 




3 H- 



3 H- 



H— H- O 

0~ N 



N- 



3 H- 




\ 4 



179 



(II) H- H- 



N- 

0 
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Table 35 



Compound General 
No. formula 



Substition 
position 



R 4 



180 (II) H- H- 



181 (II) H- H- 



182 (II) H— H- 




183 (II) H- H- 



■ O 

^ 0 



H- 



H- 



H- 



H- 
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Table 36 



Compound General 

No. formula " 1 



R 2 



R 3 



Substition 
position 



184 (ID H- 



<Q-N 
H- H 3 C 0 



N- 



h 3 c-q-. 



185 (I') H- H- 



H3C-O-N 



0 

N 

0 



186 (ID H- H- 




187 (ID H- H- 



0 
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Table 37 



Compound General _ D Substition 

No. formula R ^ Rz " 3 position 



188 (II) H- H- 3 H- 



N- 




Ox 



189 (II) H— H- W 3 H- 




35 \— / 




190 (H) H— H- M; 3 H- 

N- 



0" N 



50 # 
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Table 38 
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Table 40 



Compound General Substition Substition 

No . formula R ' position Hz PQ sltlon 



203 (H)- 



204 (ID 



205 (ID 



206 CD 



207 CD 





N— 




N— 



N- 




N— 



3 




N— N- 

d 3 0 



0 



0 

CH 3 
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Table 41 



Compound General Substition Substition 

No. formula Rl position R 2 position R 3 R « 



N- 



208 (II) ^ N 3 /=< 3 H- H- 



209 (II) /=< N 3 3 H- H 



S CH 3 



CH 3 



N— >- 



as 210 (II) /=< 3 /=< 3 H- H- 

H 3 C ij * H 3 C O 



^-ch 3 £> 



N 

^ CH a 



h 3 c h 3 c 

H^-O-Nf: H 3 C-0-Nf_ 

CH 3 CH 3 
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Table 43 



Compound General _ Substition Substition Substition 

No. formula " 1 position " 2 position 3 position 



217 (II) 

^CH 



3 H- 3 H- 



a 



218 (ID N- 3 H- 3 N- 3 H- 



H 3 C ^ H 3 C 

t> Q O 

219 (ID N— 3 N- 3 N- 3 H 



^ 4 XJ/ 



H 3 C-Q Q H 3 C-Q 

>- , N- . N- 3 H _ 



220 (ID /* 3 



. Q-CH3 Q-CH3 Q"CH 3 

221 CO N- 3 ■ 3 N- 3 H 



H3C-Q H 3 c-Q Q 

222 CO 3 N— 3 3 H 
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Table 44 
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Table 45 



Compound General n Substition Substition Substition Substition 

No. formula 1 position Rz position " 3 position 4 position 

Q-CH 3 Q-CH 3 O-CH3 <Q-CH 3 
229 (ID .3 >< N _ 3 N— 3 N- 3 

C$ d> & & 



H3CHQ H 3 C-Q Q Q 

230 (II) N- 3 N— 3 N- 3 / N ~ 3 

d 00.0 
H 3 C v H 3C, H 3 C H 3 C W 

-t> 0 Q 

231 (II) N- 3 N- 3 N- 3 N- 3 

0 0 0 0 

H a C H 3 C H 3 C H 3 C 



232 (ID / N " 3 N- 3 / N " 3 >- 3 

H 3 C H 3 C 



_ _ H 3 C 

233 (II) N- 3 N- 3 N— 3 N- 3 

o o d o 
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Table 46 



Compound General _ Substition Substition 
No. formula Hl position " 2 3 position 



234 (,,) 3 H ~ d" 3 H " 



N- N- 



235 (,|) d 3 H_ d 

0" N €>- N 



3 H- 




■4. M 

236 (") 3 H- J*~ 3 H- 



237 (II) _/ N ~ 3 H- 3 H- 



238 (ID Q 3 H- HsC Q 3 H- 

^6 



25 



30 



35 



40 



45 



50 
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Table 47 



Compound General R Substition R R Substition 

No. formula 1 , position 2 3 position 



239 (ID 3 H ~ ^N- 4 H ~ 



d 



H3C H3C, 

240 (II) N- 3 H ~ N- 4 H ~ 



20 



H 3 c-Q H 3 c-^Q 

241 (II) N— 3 H ~ H— 4 H ' 



^ // % J 



0^ CH 3 0" CH 3 

242 (II) 3 H- N— 4 H " 



H 3 C. 

H 3 C 



243 (II) 



' N- 3 H- N— 4 H- 

d d 



244 (II) N— 3 H- N- 4 H- 

d d 

245 (II) N— 3 H- N- 4 H— 

o~d o-d 



246 (II) ki — 3 H- "M^ 4 H- 
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Table 48 



Substition 



Substition 



Compound General R 

No. formula R 1 position R 2 R 3 position ^ 



251 



247 (ID 0~\,_ 3 H ~ 

d d 




248 (II) 



249 CO f\J 



N- 



3 H- 




4 H- 



4 H- 



N- 

d 



3 H ~ r>-< 

N— 



4 H- 



C/ 



d 



250 (ID 



d" 3 H_ d 
to 



N- 



4 H- 



,,,) d 

0- N 



CH 3 



N— 



CH 3 



£>CH 3 
Q 



3 H " d 

o-- 7 



N— 



4 H- 



252 (II) 



N— 

0~ N 




3 H - <rf 



N— - 



4 H- 
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Table 51 



Compound General Substition Substition _ Substition 

No. formula 1 position R 2 position R 3 positron R « 



~ (-) M N _ 3 M N _ 3 M N _ 4 H - 



H 3 C H 3 C. 

^ o 



267 (II) N — 3 4 4 H- 

0 0 0 

.... H 3C^Q Q H 3 C^Q 

268 (II) ^~< N _ 4 ^-< N _ 3 4 H- 



0" CH 3 0~ CH 3 O-CH3 

269 (ID ^< N _ 4 N— 4 3 H- 

0 0 0 



H 3 C 



270 (II) N— 4 N— 3 N- 4 H 



V_/ \J V// 

H 3 C H 3 C s_ H 3 C s 



271 (II) 



O 3 0 4 o 

0 0 0 

. H 3 C H 3 C H 3 C 

272 (II) H ' C "Q 4 O 3 "^"Q 



N— 



3 H- 



4 H- 



H 3 C h 3 C 

H 3 C S 



273 (II) 



N- 4 N— 4 — N 



N— 



3 H- 
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Table 52 



s-s.sr- est* 



No. 



formula Rl position "2 position 



Q N . 3 Q N _ 3 P. < P 
d d o o 

H 3 C V _ H 3 C « 



4 



275 (ID 3 ~)N- 4 N - N 

d o o o 



HaC^ 3 Q , *K> 3 ^_ 4 



d d 



277 (") 



Q-CHs Q-CH 3 Q-CHa Q" 

4 >" 4 _>- 4 / 

d d o o 



CH 3 

3 



H 3 C-Q H 3 C-Q Q 

278 (ID >" 3 N- 4 N 

d d 



_ 3 N— 4 



H a C. H 3 C. H 3 C 



3 ^ 3 



0 0 „P hP 

Ha C W H 3 C^ H 3 C H 3 C 



H 3 C-<Q 4 Q 3 H3CH Q 4 Q 3 

N- N- ,N- ^N- 

p o M p " o 

H 3 C H 3 C 

o 



h,c-Q Q _ 

281 (ID >- " ~V " N— " 

d o d 0 



fin 
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Table 53 



Compound General R Substition R Substition 

No. formula 1 position 2 3 position 1 

H 3 CO \_, H 3 CO v_ 

282 (-.) M N _ 4 H- M N _ 4 H- 

d d 

283 (II) N— 4 H_ N- 4 H ~ 



O-OCH3 <Q-OCH 3 
284 (II) N- 4- H- N— 4 H- 

O 



H3CO-Q H 3 CO-^ 

285 (II) N- 4 H- / N ~ 4 H_ 

H 3 CO-^ H 3 CO-Q 

H3CO H 3 CO 

286 (II) >|- 4 H_ X N- 4 H ~ 



0 Q 



H3CO H 3 CO 
H 3 CO-^ H 3 CC~^ 

287 (H) / N ~ 4 H-. / N " 4 H- 

d 0 
H3C0 H3C0 



/=v H3CO, 

H3COHQ 

288 (I") / N ~ 4 H- N- 4 H_ 
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Table 54 
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Table 55 

Compound General Substition Substition Substition Substition 

No. formula Ri position R2 position R3 position R4 position 



\J /=\ V/ /-\ 

295 (II) N— 4 {J- 4 4 <^j>~ 

0 0 

H 3 C H 3 C 



N— yt=\ N- 



296 (II) 0 N 4 Q- 3 0 4 O- 3 
H 3 C H 3 C 



297 (II) N- 4 ^ 2 ' 3 / N_ 4 O 2 ' 3 

0 0 



H 3 C H 3 C 



M ^ M 

298 (II) ^N- 4 3,4 N- 4 3,4 



0 " 0 

H 3 C H 3 C 



CH 3 ^ CH 3 



299 (II) _/>- 4-0 4 , N_ 4-O 4 

0 p 

H 3 C H 3 C 



M; _ m 

.N- Q N- ^ 

300 (II) 0 4-o 4 0 4 _ Q 4 

H 3 C H 3 C 
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Table 58 

~Q Q 

315 on) r< * »~ C 



N- 

4 H- 



316 OH) 



N- „ w _ _/ N " 4 H- 



317 (l«) 



^ ^CH 3 



3 H- 



-CH 3 

V 



IN— __/ 

318 (III) Q 3 H " _ P 



N— 

3 H- 



0" 4 H " ^0 

^3~CH 3 O 
H 3 C H 3 C v 



■=\ CH 3 
N— 



319 (I") ^ /=< N d h— r% 3 H- 

H3C 



0 § 

320 OU) M 4 H- ^ 4 H " 

H 3 ChQ-N^~ H3C-Q-N 



G-CH3 J ^~ CH 3 
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Table 59 



Compound General _ Substition Substition Substition Substition 

No. formula. 1 position Rz position Rg position 4 position 



'I 
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Table 61 



Compound General Substition Substition 

No. formula R 1 position R 2 R3 position 
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Table 62 
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Table 63 



Compound General Ri Substition Substition Substition R Substition 

No. formula 1 position " 2 position " 3 position position 



346 (IV) H- H- /=<( ^ H- 



347 (IV) H- H- ^n- 3 H_ 

~ 0" 



-N- N- 



H- H- 



^ >^ H 3 C Q 

; ■ b Hh 3 ^> CH3 

Q Q Q N m 

350 (...) H 4 0 4 O 4 Q 4 

b t> & t> 
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Table 64 



Compound General _ Substition Substition 

formula Rl position R * " 3 position 4 



No. 



Q Q 

351 (V) N- 4 H- N- 4 H- 



H 3 C-C>_ HaC-O^ 

N— N- 



352 (V) ^ 4 H- ^Y,_ 4 H ~ 



353 (V) H 3 C N- 4 H- H 3 C N— 4 H- 



354 (V) N- 4 H- N- 4 H- 



355 (V) £\ ^N- 4 H- Q> ,N- 4 H- 



356 (V) X N _ 4 h_ N— 4 H- 



-a Q-o 

357 (V) 4 H- 4 H- 

0 0 

H 3 tf H 3 C 
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Table 65 
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Table 66 



r pound as ssr» *> 



365 (V) N- 4 H- N- 



4 H- 



N— N- 



IN — y 

366 (V) Q 4 H- O 



4 H- 



CH 3 



CH 3 



N— N - 



0 ' ' n 0 

367 (V) Q-N 4 H- 4 H~ 





368 (V) <K 4 H- Q 4 H- 
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Table 68 
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Table 70 



Compound General R Substition R R Substition R4 
No. formula position position 



387 (VI) N— 4 H- >- 4 H- 

. 0 o 

H 3 C ~°W H3C ~ 0 )=v 

388 (VI) M N _ 4 H- 4 H- 



H 3 C 4 H— H 3 C N- 4 H- 



389 (VI) n 3° N— 4 H 



CK 3 Q-c 

390 (VI) N- 4 H- N— 4 H— 



391 - (VI) r=\ y- 4 H- (~> .N- 4 H- 



392 (VI) N- 4 H- N— 4 H- 



393 (VI) 4 H ~ N- 4 H " 

0 0 

H 3 tf H 3 C 



7R 
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Table 71 
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Table 72 



10 



15 



Compound General 
No. formula 



Substition 
1 position 2 



Substition • 
Ra position 4 



401 (VI) 



N— 4 H- 

0- N 



N— 4 H- 



20 



25 



402 (VI) 



N- 

0- N 



4 H— Q 



N— 



CH 3 



4 H- 



30 



35 



40 



403 (VI) <Q-i 



N~ 




4 H- <Q-N 



N— 

0 




4 H- 



45 



50 



Ni- 



ls!— 



404 (VI) X 4 H- 




A/ 



4 H- 



55 



an 



EP0 891 121 A1 




EP0 891 121 A1 



Compound General 
No. formula 



Table 75 
Substition 



,1 position R 2 



Substition 
R 3 position R4 



10 



15 



419 (VI) 



N— 3 H- 



0~ N 



N— 3 H- 



20 



420 (VI) 



CH, 



3 H - ^ 0 
Ok 



N— 



CH, 



3 H- 



30 



35 



40 



421 (VI) £J-|yf 



N- 




H— Q~ N 




3 H- 



45 



50 



422 (VI) 



N- 

0- N - 




3 ^ 0 



N- 




3 H- 
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Compound General 
No. formula 1 



Table 76 
Substition 

position R a Ra 



Substition 
position 



423 (VII) 



d 

N- 



4 H- 



H 3 C 

N— 



4 H 



424 (VII) - N _ 

d 

Q-CH 3 

425 (VII) N- 4 



d 



H- 



Q-CH 3 

N- 4 



426 (VII) N- 4 H- 

d 



427 (VII) 




4 H- 




N— 



N- 



428 (VII) 



N— 

d 

H 3 C 



4 H- /" 4 

H 3 C 



N- 

d 



H 



H 



N— 4 K 



4 I 



84 



EP0 891 121 A1 



Table 77 
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Table 78 



Compound General 
No formula 1 



Substition Substition 
position R 2 R 3 position " 4 



R 5 



437 (VII) 

H 3 C N 
< 

438 (VII) ".N- 



6 



4 H- 



N— 



HoC, 



-< 

439 (VII) N- 

o 



H 3 C S 

440 (VII) N— 



o 
6 



H 3 C v 

5. 



441 (VII) N- 

O 



H 3 C 

d. 



442 (VII) N- 

o 



H 3 C. 



4 H- N- 



4 H- 



d 
d 



0, 
d 



H 3 C. 



4 H- 



H 3 C. 



4 H— N— 4 



d 
d 



4 H- 




4 H- 




4 H- 



4 H- N— 4 H- 




4 H- 



-Q^-CH 3 



h--Q 



CH 3 



The compounds of the invention may have such structures as given below. 
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5 



10 



15 



20 



25 



30 



35 



40 



45 




The compounds of the invention may be synthesized by the Ullmann reaction for the condensation of, for instance, 
55 a primary or secondary aromatic amine and an aromatic iodide using a catalyst such as copper. When R 0 i and Rq 2 a re 
asymmetric with respect to Ro 3 and Rq 4 (both sides of the biphenyl moieties are asymmetric), R 01 and Ro 2 , and R 03 
and Rq 4 may synthesize the corresponding amines, finally followed by the coupling of the biphenyl moieties (guanine 
coupling, Ni(dppp)CI 2 , etc.). 



EP 0 891 121 A1 

Illustrative synthesis examples are given below as (1) to (4). Using copper as the catalyst, 4,4'-diiodobiphenyl is 
coupled to a compound having formula (A) in (1), and a compound having formula (B) is coupled to a compound having 
formula (C) in (2), thereby obtaining an asymmetric compound having formula (D). In (3), a compound having formula 
(E) is coupled to a compound having formula (F) using Ni(dppp)CI 2 to obtain an asymmetric compound having formula 
(G). In (4), an asymmetric compound having formula (K) is synthesized from a compound having formula (J), and a 
compound having formula (I) obtained from a compound having formula (H). Here it is to be noted that R 30 , R41. R45 
and R 50 in the following formulae (A) to (K) are tantamount to R 0i , R 0 2. R 03 and R 04 >n general formula (I), respectively, 
and R 32 , R33, R 42» R 43» R 46. R 47- R 52 a nd R 53 are tantamount to R 1tl R 12 , R13. R 14. R 15. R 16 and R 17 in general for- 
mula (I), respectively. 



10 



15 



20 



(1) 



(2) 




/ 



R 30v/====\ 



~ ^ 0' 



30 



H 




(B) 



25 



30 





K 2 C0 3 

Cu 



35 



K 2 C0 3 
Cu 



40 



45 



50 
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(3) 




Mg 

Ni(dppp)CI 2 



30 



35 



40 




45 
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(4) 

(H) 




I + 





The compounds of the invention may be identified by mass spectroscopy, infrared absorption spectra (IR). 1 H or 

1 90 S»C a r S hol a high glass transition temperature of 80 to 200°C. They are put as by ord, 
ofation into a tansparent amorphous state which is stable even at higher than room temperature, thai 
S^n Jhn the formof a smooth and good film which is maintained intact over an extended period. It .s here tobe noted 
♦STime oHh ^c^oounds oTthe intention have no melting point and exist in an amorphous state even at h,gh tem- 
rilZs I i8*SS^to J£n a homogeneous thin film that is by itself stable without recourse to a b.nder resin 
P B Si g SShe invention.L Ho.e mobility is so improved that a device having^ an 
densTcan be obtained. The Hole mobility obtained by the compound of the invention is preferably at least 1_0 x 10 
Ss especially 1-1 x 10" 3 to 100 x 10" 3 cm^/Vs. and more especially 1.1 x 10* to 20.0 x 10 3 cm 2 M* Jhe ^ole 
™hmtJ of the laver containing the compound of the invention is preferably up to 1/2, especially about 1/4 to 1/1 ,000. 
^^Sfclflofo. that of the light emitting .ayer. in the invention, the ho.e injecting layer, is 
fo"med of ?e compound of the invention which imparts such exceHent Hole mobility thereto. Even when .such a hole 
orrned o tne ™ m P°" and especially at least 200 nm. there is obtained a device that can be 

.njecting layer ^s a t^ess JJ'JJ^JJi the upper limit on the thickness of the hole injecting layer is usually 
^ °SE£££SEZ nested there*. In the practice of the invention, this film thickness may be 
dtterm'ned in'uTa manner that, while the optical refractive index of each layer is taken into account, the optimum 
liaht extraction efficiency is obtained with no problem in conjunction with the angle of view, etc. 

-The comoounds according to the invention may be used alone or in combination of two or more. 

™! invention comprises at least one organic compound layer, and said at least one organic com- 

noui faver coXises the compound or compounds of the invention. One exemplary construction of the organic EL 
££ SLSJSSLtSi is shown in Rg. 1. As illustrated, the organic EL device comprises a hole injecting 
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electrode 3, a hole injecting and transporting layer 4, a light emitting layer 5, an electron injecting and transporting layer 
6 and an electron injecting electrode 7 in the described order. Furthermore, if a color filter 8, a fluorescence conversion 
filter 9, an organic EL device as mentioned above, a sealing layer 10 and a cover 1 1 are stacked and formed on a glass 
substrate 2 in the described order, an organic EL color display is then obtained. 

5 The light emitting layer has functions of injecting holes and electrons, transporting them, and recombining holes 

and electrons to create excitons. The hole injecting and transporting layer has functions of facilitating injection of holes 
from the hole injecting electrode, providing stable transportation of holes and blocking electrons, and the electron inject- 
ing and transporting layer has functions of facilitating injection of electrons from the electron injecting electrode, provid- 
ing stable transportation of electrons and blocking holes. These layers are effective for increasing the number of holes 

10 and electrons injected into the light emitting layer and confining holes and electrons therein for optimizing the recombi- 
nation region to improve light- emission efficiency. The electron injecting and transporting layer and the hole injecting 
and transporting layer may be provided, if required, while care is taken of the magnitudes of the functions which the 
compound used for the light emitting layer has in injecting electrons, transporting electrons, injecting holes, and trans- 
porting holes. For instance, when the compound used for the light emitting layer has great functions in injecting and 

is transporting holes or electrons, the hole or electron injecting and transporting layer may be dispensed with; that is, the 
light emitting layer may be allowed to function as a hole injecting and transporting layer or an electron injecting and 
transporting layer. In some cases, both the hole injecting and transporting layer and the electron injecting and transport- 
ing layer may be dispensed with. Alternatively, the hole injecting and transporting layer and the electron injecting and 
transporting layer may be each separated into an injecting layer and a transporting layer. 

20 By controlling the thickness of the organic layer while care is taken of the carrier mobility or carrier density (deter- 
mined depending on ionization potential and electron affinity) of the light emitting layer, electron injecting and transport- 
ing layer or hole injecting and transporting layer to be combined therewith, it is possible to freely determine the 
recombination/light emitting region. It is in turn possible to design the color of light to be emitted, and control emission 
luminance and spectra due to the interference effect between both electrode as well as the spatial distribution of light 

25 emission. 

The compound of the invention may be applied to any one of the hole injecting layer, hole transporting layer, light 
emitting layer, and hole injecting and transporting layer. Since the compound of the invention is excellent in the capabil- 
ity of injecting holes, however, it is preferably applied to the hole injecting layer or hole injecting and transporting layer, 
especially the hole injecting layer. With the compound of the invention that has both the phenylenediamine skeleton and 

30 the diamine skeleton including a plurality of phenylene radicals such as a benzidine skeleton, it is possible to freely con- 
trol ionization potential and carrier mobility without sacrifice of heat resistance and, hence, optimize hole injection effi- 
ciency depending on the material to be combined therewith. 

Here an account is given of the case where the compound of the invention is used for the hole injecting and trans- 
porting layer. The hole injecting and transporting layer may be formed by the evaporation of the compound of the inven- 

35 Won or the coating of a dispersion of the compound of the invention in a resin binder. Especially the evaporation of the 
compound of the invention yields a good enough amorphous film. 

When the compound of the invention is used for the hole injecting and transporting layer, the fluorescent material 
used for the light emitting layer may be selected from materials emitting fluorescence of longer wavelength. For 
instance, a sensible selection may be made from at least one fluorescent material used for the light emitting layer in 

40 combination with the compound of the invention. In such a case, too, the compound of the invention may be applied to 
the light emitting layer. 

In this case, the compound of the invention may be used. However, the compound of the invention has the phe- 
nylenediamine skeleton contributing to very strong donicity, and so is susceptible to interaction with the light emitting 
layer, resulting a drop of the intensity of fluorescence due to the formation of exciplexes, etc. This in turn offers problems 

45 such as a light emission efficiency drop, and a color purity drop due to the broadening of emission spectra, and so is 
undesired. When a light emitting material having no interaction with the compound of the invention, however, the com- 
pound of the invention may be used as a hole transporting material. 

The hole injecting and transporting layer may be formed of a combination of more than one of hole injecting and 
transporting materials. In a particularly preferred embodiment, hole injecting and transporting materials are laminated 

so on ITO in the order of increasing ionization potential, for instance, in the order of a hole injecting layer and a hole trans- 
porting layer. Thus, it is preferable to form on the ITO surface a hole injecting material having a good thin film property 
so that a uniform thin film can be formed on the ITO surface having a varying hydrophilic nature. Since evaporation is 
utilized in the manufacture of devices, films as thin as about 1 to 10 nm can be formed in a uniform and pinhole-free 
state. If film thickness, refractive index, etc. are regulated, it is then possible to prevent an efficiency drop by controlling 

55 the color of light emitted and emission luminance or making use of interference light effects such as the spatial distribu- 
tion of light emission. 

For the hole transporting layer opposite to the light emitting layer, it is preferable to use a triarylamine polymer hav- 
ing a benzidine skeleton alone and less susceptible to interaction with the light emitting material, such as those set forth 
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10 



15 



in JP-A's 63-295695. 5-234681 and 7-43564. 

in the invention, the light emitting layer may contain a fluorescent material. The fluorescent m ft e "^ u ^ fi h A re !"' 
for instance may be at least one compound selected from compounds such as those d.sclosed in JP-A 63-264692 . for 
nl ant nuSdone rubrene. and styryl dyes. Use may also be made of quinoline derivatives such as metal comply 
^SSSSSS^SSo^ its derive as ligands. for instance. tns(8-quino.^ 

»n?»mh7acLne oerylene coronene. and 12-phthaloperinone derivatives. Use may further be made of phenyarthra- 
ceneS^'cSosS i" apanese PatenfApptication No. 6-1 10569. and tetraarylethene der.vat.ves d.sclosed .n 

^ZXX^T^^ is used in combination wHh a host substance ^«^*»» 
h-h is preferable that the fluorescent compound is used as a dopant. In such a case, the consent of the flu 
Jesienf^niouS KeligW emitting .ayer is in the range of preferably 0.01 to 10% by weight, and espec.a.^ jai I to 
b wetahT By ulg the fluorescent compound in combination with the host substance, -t .s poss .ble to vary ^the 
waleLgth perSmance of light emission, thereby making light emission possible on a longer wavelength s.de and. 

ferred for the host substance. Such aluminum complexes are typically disclosed ,n JP-As 63-264692. 3 255190. 
707 ?xe 5 mX 59 'rmin 8 um 4, Complexes include tris(8-cuinolinolato)a.uminum. ^^^^^ 

•*?5S; ^Se^21"Cl e i»» — Mnd. m add-on ,0 

mmmmmm. 

phenolato)aluminum (ill), b.s(2-methyl 8 < ^ B |^|^T^ ftl.inolinolatol (2 3 5 6-tetramethylphenolato)aluminum 
^o.ato)(2.3.6-trimemyl P henolato)^ 

wmmmmm. 

luoromethyl-8-quinolinolato)(2-naphtholato)alum.num (III). mh . a . oxo . b i s (2-methyl-8-quinolinolato) alu- 

No M 1 10569 tetraarylethene derivatives disclosed in Japanese Patent Appi.ca .on No. 6-1 14456, eta 
The phenylanthracene derivatives are represented by the followmg formula (VIII). 
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, n formula (VHP,. A, and A 2 may be identical with or different from each other, and are each a monophenylanthry. 

SS333S2ss3s=k=ss: 



EP0 891 121 A1 



In formula (VIII), L, stands for a single bond or an arylene group. The arylene group given by L 1 is preferably unsub- 
stituted. For instance, the arylene group includes an ordinary arylene group such as a phenylene group, a biphenylene 
group, and an anthrylene group as well as two or more such arylene groups attached directly to each other. is pref- 
erably a single bond, and a p-phenylene or 4,4'-biphenylene group. 

Li may also include two or more such arylene groups as attached to each other via an alkylene group, -0-, -S- or 
-NR-where R is an alkyl or aryl group. For instance, a methyl or ethyl group is mentioned for the alkyl group and a phenyl 
group is mentioned for the aryl group. Particular preference is given to the aryl group, for instance, a phenyl group as 
well as Ai and A 2 . A phenyl group with Ai or A 2 attached thereto may also be acceptable. Preferred for the alkylene 
group are a methylene group, an ethylene group or the like. Examples of such an arylene group are given below. 

The tetraarylethene derivatives are represented by the following formula (IX) : 




In formula (IX), Ar^ Ar 2 and Ar 3 may be identical with or different from one another, and are each an aromatic res- 
idue. 

Aromatic hydrocarbon groups (aryl groups), and aromatic heterocyclic groups, for instance, may be mentioned for 
the aromatic residues represented by Ar 1( Ar 2 and Ar 3 . The aromatic hydrocarbon groups may monocyclic or polycyclic 
aromatic hydrocarbon groups, and include fused rings or ring combinations as well. Each aromatic hydrocarbon group 
has preferably 6 to 30 carbon atoms in all, and may have a substituent represented by an alkyl group, an aryl group, an 
alkoxy group, an aryloxy group, an amino group or the like. The aromatic hydrocarbon groups, for instance, include phe- 
nyl, alkylphenyl, alkoxyphenyl, arylphenyl, aryioxyphenyl, aminophenyl, biphenyl, naphthyl, anthryl, pyrenyl, and peryl- 
enyl groups. 

The aromatic heterocyclic groups are preferably those containing O, N, and S as a hetero-atom, and may each be 
a five- or six-membered ring. For instance, thienyl, furyl, pyrrolyl and pyridyl groups are mentioned. 
A phenyl group is particularly preferred for the aromatic group represented by Ar 1# Ar 2 , and Ar 3 . 
The letter n is an integer of preferably 2 to 6, and especially 2 to 4. 

L 2 is an n-valent aromatic residue. It is preferably a di- to hexa-valent, especially di- to tetra-valent residue derived 
from an aromatic hydrocarbon, an aromatic heterocyclic ring, an aromatic ether or an aromatic amine. This aromatic 
residue, which may have a substituent, is preferably unsubstituted. 

The light emitting layer is formed by using the compound of formula (IX) in combination with the aforesaid host 
material. It is also preferred that the light emitting layer is formed of a mixed layer of at least one compound capable of 
injecting and transporting holes with at least one compound capable of injecting and transporting electrons. Preferably 
in this case, a dopant is incorporated in the mixed layer. The content of the dopant compound in the mixed layer is in 
the range of preferably 0.01 to 20% by weight, and especially 0.1 to 15% by weight. 

In the mixed layer with a hopping conduction path available for carriers, each carrier migrates in the polarly prevail- 
ing substance, so making the injection of carriers having an opposite polarity unlikely to occur. This leads to an increase 
in the service life of the device due to less damage to the organic compound. By incorporating the compound of formula 
(IX) in such a mixed layer, it is possible to vary the wavelength performance of light emission that the mixed layer itself 
possesses, thereby shifting the wavelength of light emission to a longer wavelength side and improving the intensity of 
light emission, and the stability of the device as well. 

The compound capable of injecting and transporting holes and the compound capable of injecting and transporting 
electrons, both used to form the mixed layer, may be selected from compounds for the injection and transportation of 
holes and compounds for the injection and transportation of electrons. Especially for the compounds capable of inject- 
ing and transporting electrons, it is preferable to use metal complexes containing quinoline derivatives, especially 8-qui- 
nolinol or its derivatives as ligands, in particular, tris(8-quinolinolato) aluminum (Alq 3 ). It is also preferable to use the 
aforesaid phenyl anthracene derivatives, and tetraarylamine derivatives. 

For the compounds for the injection and transportation of holes, it is preferable to use amine derivatives having 
strong fluorescence, for instance, hole transporting materials such as tetraphenyldiamine derivatives, styrylamine 
derivatives, and amine derivatives having an aromatic fused ring, as already mentioned. 
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In this case, the mixing ratio is determined while the carrier mobility and carrier density are taken into consideration. 
In general, however, it is preferred that the weight ratio between the compound capable of injecting and transporting 
holes and the compound capable of injecting and transporting electrons is of the order of 1/99 to 99/1 . particularly 10/90 
to 90/1 0. and more particularly 20/80 to 80/20. 

5 The thickness of the mixed layer must correspond to the thickness of a single molecular layer, and so is preferably 
less than the thickness of the organic compound layer. More specifically, the mixed layer has a thickness of preferably 
1 to 85 nm, especially 5 to 60 nm, and more especially 5 to 50 nm. 

Preferably, the mixed layer is formed by co-evaporation where the selected compounds are evaporated from differ- 
ent evaporation sources. When the compounds to be mixed have identical or slightly different vapor pressures (evapo- 

10 ration temperatures), however, they may have previously been mixed together in the same evaporation boat for the 
subsequent evaporation. Preferably, the compounds are uniformly mixed together in the mixed layer. However, the com- 
pounds in an archipelagic form may be present in the mixed layer. The light emitting layer may generally be formed at 
a given thickness by the evaporation of the organic fluorescent substance or coating a dispersion of the organic fluo- 
rescent substance in a resin binder. . . 

w In the practice of the invention, the electron injecting and transporting layer may be provided. For the electron inject- 
ing and transporting layer, there may be used quinoline derivatives such as organic metal complexes containing 8-qui- 
nolinol or its derivatives as ligands, for instance, tris(8-quinolinolato)aluminum (Alq 3 ), oxadiazole derivatives, perylene 
derivatives, pyridine derivatives, pyrimidine derivatives, quinoxaline derivative, diphenylquinone derivatives, and nitro- 
substituted'f luorene derivatives. The electron injecting and transporting layer may also serve as a light emitting layer. In 

20 this case, it is preferable to use tris(8-quinolilato)aluminum, etc. Like the light emitting layer, the electron injecting and 
transporting layer may then be formed by evaporation or the like. 

When the compound of the invention is used for the light emitting layer, the hole, and electron injecting and trans- 
" porting layer may be formed of various organic compounds as disclosed in JP-A's 63-295695, 2-191694, 3-792 and so 
on For the hole injecting and transporting layer, for instance, aromatic tertiary amines, hydrazone derivatives, carba- 

25 zole derivatives triazole derivatives, imidazole derivatives, and indole derivatives may be used. For the electron inject- 
ing and transporting layer, for instance, organic metal complex derivatives such as aluminum qu.nolinol. oxadiazole 
derivatives, pyridine derivatives, pyrimidine derivatives, quinoline derivatives, quinoxaline derivative, diphenylquinone 
derivatives! perylene derivatives and f luorene derivatives may be used. 

When the compound of the invention is used for the light emitting layer, it is preferable to combine the compound 

so of the invention with the aforesaid light emitting material unlikely to extinguish light due to their .nteracbon. The com- 
pound of the invention emits strong blue fluorescence, and so can achieve a high-luminance light emitting device when 
combined with a material having little interaction therewith. 

The thickness of the light emitting layer, the hole injecting and transporting layer, and the electron mjecting and 
transporting layer is not critical and varies with the design of recombination/light emitting region and a particular forma- 

35 lion technique although it is usually of the order of preferably 5 to 500 nm, and especially 10 to 200 nm. 

The thickness of the hole injecting and transporting layers, and the electron injecting and transporting layer is equal 
to, or about 1/10 times to about 10 times as large as, the thickness of the light emitting layer although it depends on the 

design of the recombination/light emitting region. 

When the electron or hole injecting and transporting layer is separated into an injecting layer and a transporting 

40 layer, it is preferable that the injecting layer is at least 1 nm thick and the transporting layer is at least 1 nm and espe- 

C ' a " The upper HmiTon thickness is usually about 500 nm and especially about 100 nm for the injecting layer and about 
500 nm for the transporting layer. The same film thickness applies when two injecting and transporting layers are pro- 

45 V ' de By controlling the thickness of the organic layer while care is taken of the carrier mobility or carrier density (deter- 
mined depending on ionization potential and electron affinity) of the light emitting layer, electron injecting and transport- 
ina layer or hole injecting and transporting layer to be combined therewith, it is possible to freely determine the 
recombination/light emitting region. It is in turn possible to design the color of light to be emitted "^T^^; 
luminance and spectra due to the interference effect between both electrode as well as the spatial d.stnbution of light 

so emi ^° t J he e|ectron injecting e | ec trode, it is preferable to use a material having a low work function, for instance. Li. Na. 

K Mo Al Ag or In an alloy thereof, or an oxide or halide thereof. It is also preferred that the electron injectmg electrode 

be formed of fine crystal grains, especially in an amorphous state. The electron injecting electrode has preferably a 

thickness of the order of 10 to 1,000 nm. 
55 Furthermore, it is preferable to evaporate and sputter Al or a fluorine type compound at the final stage of electrode 

formation because an improved sealing effect is obtained with an interconnection resistance drop in the case of Al. 
To allow the EL device to emit light at its surface, it is required that at least one of the two electrodes be transparent 

or semitransparent. Since there is some limitation on the material of which the electron injecting electrode is formed as 
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mentioned above, however, the material and thickness of the hole injecting electrode are preferably determined such 
that at least 80% of the light emitted transmits through it. For instance, it is preferable to use ITO (tin-doped indium 
oxide). IZO (zinc-doped indium oxide), Sn0 2 . Ni, Au, Pt, Pd, and polypyrrole for the hole injecting electrode. It is also 
preferable that the hole injecting electrode has a thickness of the order of 10 to 500 nm. To improve the reliability of the 
5 device, it is required that the driving voltage be low. Preferable to this end is an ITO of 1 0 to 30 fi/o (with a thickness of 
80 to 300 nm). In the practice of the invention, the thickness and optical constant of the ITO may be designed such that 
high light extraction efficiency and high color purity are satisfied by the interference effect due to reflection at the ITO 
interface. 

To a large device such as a display device, an Al interconnection may be applied because the resistance of the ITO 
10 increases. 

Preferably but not exclusively, transparent or translucent materials such as glasses, and resins are used for the 
substrate material because, in the illustrated embodiment, the emitted light is extracted or taken out of the substrate 
side. The substrate may be colored or otherwise provided with a color filter film, fluorescence conversion film or dielec- 
tric reflecting film for controlling the color of light emitted. 
is It is here to be noted that when an opaque material is used for the substrate, the order of lamination shown in Fig. 
1 may be reversed. 

For the color filter film, a color filter employed with liquid crystal display devices may be used. However, it is prefer- 
able to control the properties of the color filter in conformity to the light emitted from the organic EL device, thereby opti- 
mizing the efficiency of taking out light emission and color purity. 
20 By using a color filter capable of cutting off extraneous light of such wavelength as absorbed by an EL device mate- 
rial or the fluorescence conversion layer, it is possible to improve the light resistance of the device and the contrast of 
what is displayed on the device. 

Instead of the color filter, an optical thin film such as a dielectric multilayer film may be used. 

The fluorescence conversion film absorbs light emitted from an EL device and gives out light from the phosphors 
25 contained therein for the color conversion of light emission, and is composed of three components, a binder, a fluores- 
cent material and a light absorbing material. 

In the practice of the invention, it is basically preferable to use a fluorescent material having high fluorescent quan- 
tum efficiency, and especially a fluorescent material having strong absorption in an EL light emission wavelength 
region. Laser dyes are suitable for the practice of the invention. To this end, for instance, it is preferable to use rohod- 
30 amine compounds, perylene compounds, cyanine compounds, phthalocyanine compounds (including subphthalocya- 
nine compounds, etc.), naphthaloimide compounds, fused cyclic hydrocarbon compounds, fused heterocyclic 
compounds, styryl compounds, and coumarin compounds. 

For the binder, it is basically preferable to make an appropriate selection from materials that do not extinguish flu- 
orescence. It is particularly preferable to use a material that can be finely patterned by photolithography, printing or the 
35 like. It is also preferable to use a material that is not damaged during ITO film formation. 

The light absorbing material is used when light is not fully absorbed by the fluorescent material, and so may be dis- 
pensed with, if not required. For the light absorbing material, it is preferable to make a selection from materials that do 
not extinguish the fluorescence of the fluorescent material. 

In what follows, how to fabricate the EL device of the invention will now be explained. 
40 To form the hole, and electron injecting electrode, it is preferable to use vapor phase growth processes such as 
evaporation, and sputtering. 

To form the hole injecting and transporting layer, the light emitting layer, and the electron injecting and transporting 
layer, it is preferable to use a vacuum evaporation technique which enables a homogeneous thin film to be obtained. 
According to the vacuum evaporation process, it is possible to obtain homogeneous thin films in an amorphous state or 
45 with a crystal grain diameter of at most 0.1 u.m. The use of a thin film having a crystal grain diameter exceeding 0.1 fim 
results in non-uniform light emission. To avoid this, it is required to increase the driving voltage of the device; however, 
there is a striking drop of hole injection efficiency. 

No particular limitation is imposed on vacuum evaporation conditions. However, an evaporation rate of the order of 
0.01 to 1 nrn/sec. is preferably applied at a degree of vacuum of up to 10' 5 Torr (10" 4 Pa). It is also preferable to form 
so the layers continuously in vacuum. If the layers are continuously formed in vacuum, high properties are then obtained 
because the adsorption of impurities on the interface between the adjacent layers can be avoided. In addition, the driv- 
ing voltage of the device can be lowered while the growth and occurrence of dark spots are inhibited. 

When the vacuum evaporation process is used to form the layers, each containing a plurality of compounds, it is 
preferable to carry out co-evaporation while boats charged with the compounds are individually placed under tempera- 
55 ture control. 

The EL device of the invention is generally of the DC drive type while it may be of the AC or pulse drive type. The 
applied voltage is generally of the order of 2 to 20 volts. 
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EXAMPLE 

The present invention are explained more specif ically with reference to some synthesis examples and examples. 
Synthesis Example 1 

Synthesis of N,N , -diphenyl-N.N , -bis[N-phenyl-N-3-tolyl(4-aminophenyl)]benzidine (HIM33: compound No. 3) 

In a 200 ml reaction vessel 26 grams of N,N-diphenyl-1 ,4-phenylenediamine and 22 grams of 3-iodotoluene were 
heated together with 0.3 grams of activated copper powders, 50 grams of potassium carbonate and 50 ml of decal.n at 
an oil bath temperature of 200°C for 24 hours in an Ar atmosphere. After the completion of the reaction, the reaction 
solution was filtrated with the addition of 1 00 ml of toluene thereto, thereby removing insolubles. The filtrate was washed 
with water and dried over sodium sulfate. Following this, the solvent was removed by distillation from the filtrate, and 
the residue was purified twice by means of a silica gel column (using a mixed solvent of n-hexane and toluene as a 
developing solvent), thereby obtaining 1 7 grams of N, N'-diphenyl-N-(3-tolyl)-1 ,4-phenylenediamine. 

Then in a 200 ml reaction vessel 10 grams of N,N'-diphenyl-N-(3-tolyl)-1,4-phenylenediamine obtained as men- 
tioned above and 4.6 grams of 4,4 1 -diiodobiphenyl were heated together with 0.3 grams of activated copper powders. 
8 0 Sams of potassium carbonate and 100 ml of decalin at an oil bath temperature of 220»C for 40 hours m an Ar 
atmosphere After the completion of the reaction, the reaction solution was filtrated with the addition of 200 ml of toluene 
thereto thereby removing insolubles. The filtrate was washed with water, and dried over sodium sulfate. Following tins 
the solvent was removed by distillation from the filtrate, and the residue was purified four times by means of a silica gel 
column (using a mixed solvent of n-hexane and toluene as a developing solvent), thereby obtaining 7 9^ ^- 
diphenyl-N N bis[N-phenyl-N-3-tolyl(4-aminophenyl)] benzidine, 2 grams of which were purrf.ed by summation to obtam 
1 .8 grams of a slightly pale yellow glassy compound emitting strong blue fluorescence. This compound has a structure 
mentioned below as HIM33. 






% CH 3 



HIM33 



Mass spectrometry: m/e 850(M + ) 
1 H-NM R spectra are shown in Fig. 2. 
i3 C-NMR spectra are shown in Fig. 3. 
Infrared absorption spectra are shown in Fig. 4. 
Differential scanning calorimetry (DSC) 
Melting point: 234°C (partially amorphous) 
Glass transition temperature (DSC) : 99°C 

FynthPfiis Example 2 

Synthesis of N.N'-diphenyl-N.N'-bistN-phenyl-N^-tolyK^aminophenyOlbenzidine (HIM34: compound No. 2) 

N N'-diphenyl-N N'-bis[N-phenyl-N-4-tolyl(4-aminophenyl)lbenzid«ne referred to below as HIM34 was obtained as 
in synthesis example 1 with the exception that 4-iodotoluene was used in place of 3-iodotoluene. 
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H 3 C 




CH 3 



HIM34 



Mass spectrometry: m/e 850 (M + ) 

1 H-NMR spectra are shown in Fig. 5. 

13 C-NMR spectra are shown in Fig. 6. 

Infrared absorption spectra are shown in Fig. 7. 

Differentia! scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 

Glass transition temperature (DSC): 107°C 

S ynthesis Example 3 

Synthesis of N l N'-diphenyl-N,N , -bis[N-phenyi-N-4-tolyl(4-aminophenyl)]benzidine (HIM38: compound No. 16) 

N,N , <Jiphenyl-N,N'-bis[N-phenyl-N-4-tolyl(4-aminophenyl)]benzidine referred to below as HIM38 was obtained as 
in synthesis example 1 with the exception that 4-iodonaphthalene was used in place of 3-iodotoluene. 




HIM38 



Mass spectrometry: m/e 922(M + ) 

1 H-NMR spectra are shown in Fig. 8. 

13 C-NMR spectra are shown in Fig. 9. 

Infrared absorption spectra are shown in Fig. 10. 

Differential scanning calorimetry (DSC) 

Melting point: unmeasurable because of amorphism 

Glass transition temperature (DSC): 125°C 
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S ynthesis E xample 4 

Synthesis of N .N'<liph6nyl-N.N'-bis[N-phenyl-N-4-tolyl(4-aminophenyl)]ben Z idine (HIM35: compound No. 10) 

N N--diph e nyl-N.N--bis[N-phenyl-N-4-tolyl(4-aminophenyl)]benzidine referred to below as HIM35 was obtained i 
in symhesis example 1 with the exception that 3-iodobiphenyl was used in place of 3-.odotoluene. 
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HIM35 




Mass spectrometry: m/e 974(M + ) 
25 Differential scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 
Glass transition temperature (DSC): 120°C 



S ynthesis E xample 5 

Synthesis of N,N^ 
compound No. 26) 

Ac m Qv/nthP^is examole 1 N N'-diphenyl-N-(3-tolyl)-1,4-phenylenediamine was obtained. 

S a 2oS reLbn vessel' 17 5 grams of N.N'-diphenyl-N-S-tolylphenylenediamine and 32 grams of 1 ' .^odoben- 

sSerit of n-hexane and toluene as a developing solvent), thereby obtaining 20 grams of N.N -d,phenyl-N-3-tolyl N 4 

0OdO £ h r£ '1 20?m^eSon v^e. 13.8 grams of N,N'.diphen y .-N-(3-to.yl)-N-4-(iodopheny.)-1 .4-phenylenediamine 
and of N r N ^SSidine were heated together with 0.3 grams of activated copper powder* 26 grams 

referred to below as HIM73. 
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Mass spectrometry: m/e 1 184(M + ) 

1 H-NMR spectra are shown in Fig. 1 1 . 

13 C-NMR spectra are shown in Fig. 12. 

Infrared absorption spectra are shown in Fig. 13. 

Differential scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 

Glass transition temperature (DSC): 122°C 

Synthesis Example 6 

Synthesis of N,N'<Jiphenyt-N,N'^is{N-phenyl-^^ 
(HIM 74: compound No. 25) 

N.N'Hdiphenyl-N.N'-bis^ referred to 

below as HIM74 was obtained as in synthesis example 5 with the exception that 4-iodotoluene was used instead of 3- 
iodotoluene. 




Mass spectrometry: m/e 1 184(M + ) 

1 H-NMR spectra are shown in Fig. 14. 

13 C-NMR spectra are shown in Fig. 15. 

Infrared absorption spectra are shown in Fig. 16. 

Differential scanning calorimetry (DSC) 

Melting point: unmeasurable because of amorphism 

Glass transition temperature (DSC): 126°C 
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ftynihftRis Example 7 

Synthesis of N.N^phenyl-N^ 
(HIM78: compound Ma 40 

N N'-dipheny|.N,N'-bis{N-phenyl-N.[N-phenyl-N-l -naphthyl (4-aminophenyl)l(4.aminophenyl)}benzidine referred 
to b^trSlM 78 was obtained as in synthesis example 5 with the exception that 1 -iodonaphthalene was used 
instead of 3-lodotoluene. 

0 (p 
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Mass spectrometry: m/e 1 256(M + ) 

1 H-NMR spectra are shown in Fig. 17. 

13 C-NMR spectra are shown in Fig. 18. 

Infrared absorption spectra are shown in Fig. 19. 

Differential scanning calorimetry (DSC) 

Melting point: unmeasurable because of amorphism 

Glass transition temperature (DSC): 138°C 

S ynthesis E xample 8 

Synthesis of N.N"-diphenyl-N.N"-bis[N-phenyl-N-3-tolyl (4-aminophenyl)]-1,V-terphenyl-4.4"<tiamine (HTL103: com- 
pound No. 359) • 

in a 1 000 ml reaction vessel 26 grams of 4,4"-diamino-p-terphenyl were suspended in 200 ml of pure water and 
100 TJSm!SSSuIc acid for stirring. Then, the vessel was immersed in an ice bath and cooled there.n 
iSlLtS S R*S*S *is, an aqueous solution of 1 5 grams of sodium nitrite dissolved in 200 ml of pure water 
ZTJv ^7r<^ZZL suspension, which was in turn brought up to room temperature for a 
r^nTnirUv^was extracted from tine reaction solution with ethyl acetate, followed by washing and drying. The 
ir^CSS times by means of a silica gel column to obtain 30 grams of 4.4»-d„odo-p,er- 

Phet !n' a 200 ml reaction vessel 21 grams of N,N'-diphenyl-N-3-tolylphenylenediamine and 10 grams oi4A"-6uodo-p- 
lero^^rS^j-har with 0.3 grams of activated copper powders. 50 grams of potassium cartonatea^SO 
£2 ^ZSHt an oH baStemperature of 200-C for 24 hours in an Ar atmosphere. After the completion of the reaction. 
&1^^™lX2m*» addition of 100 m, of toluene thereto for removal of >«^^^» 
wL washed with water and dried over sodium sulfate. Following this, the solvent was removed by delation from he 
*Zf*d* was purified twice by means of a silica gel column (using a mixed solvent of n-hexane and tol- 
uene JS2 eSng solverS), thereby obtaining 15 grams of N.N^iphenyl-N.N '-bistN-phenyl-N-S-to.yK^am.nophe- 
nyl)]-1 ,1"-terphenyl-4,4 ,, -diamine referred to below as HTL103. 
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Mass spectrometry: m/s 926(M + ) 
20 Synthesis Example 9 

Another synthesis of N.N'-dipenyl-N.N^-bisCN.N-diphenylaminophenylJbenzicline (HIM30: compound No. 1) 
In synthesis example 1, iodobenzene was used instead of 3-iodotoluene. 

25 

Mass spectrometry: m/e 822(M + ) 
Differential scanning calorimetry (DSC) 
Melting point: 246°C 

Glass transition temperature (DSC): 1 07°C 
30 Crystallization temperature: 212°C 

The crystallinity of this compound is somewhat higher than those of the compounds of synthesis examples 1 to 8. 
However, this compound yielded a film of amorphous physical properties upon evaporation. 

35 Example 1 

A glass substrate having a 100 nm-thick ITO transparent electrode (a hole injecting electrode) was ultrasonically 
washed with neutral detergent, acetone, and ethanol, and then pulled up from boiling ethanol, followed by drying. This 
substrate was cleaned with UV/0 3 , and fixed to a substrate holder in a vacuum evaporation system, which was evacu- 
40 ated to a vacuum of 1 x 10" 6 Torr (10' 4 Pa). 

Then, the aforesaid N,N , -diphenyI-N,N'-bis[N-phenyl-N-3-tolyl(4-aminophenyl)]benzidine (HIM33: compound No. 
3) was evaporated at a deposition rate of 0.2 nm/sec. to a thickness of 50 nm to form a hole injecting layer. 

N.N.N'^'-tetrakisbis-^S-biphenyl-l-yObenzidine (TPD) having such a structure as given below and rubrene were 
co-evaporated at a weight ratio of 10:1 and a deposition rate of 0.2 nm/sec. to a thickness of 20 nm to form a hole trans- 
45 porting layer. 
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TPD 



With the vacuum still kept. tris(quinolinolato)aluminum (Alq3) was evaporated at a deposition rate of 0.2 nm/sec. to 
a thickness of 50 nm to form a light emitting and electron L ' n ^^ , ^^S at a depositi on rate of 0.2 nm/sec. 

form a protective layer, thereby obtaining an organic .^device. therethrough. Consequently, the 

So dev?ce^e!e tN 'occurence and growth of dark spots of 0.1 mm or greater observed. 
Example 2 

- fntl devTce^elete occurence and growth of dark spots of 0.1 mm or greater observed, 
p imple 3 

^ sMarfy faMcaKd da»c* waa ..««, to stand d» in a high .ampamwa vaaae, c 85-C 
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and 100°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

Example 4 

5 

A device was prepared as in example 1 with the exception that N.N'-diphenyl-N.N'-bistN-phenyl-N-IN-S-tolyl-N- 
phenyl(4-aminophenyl)](4-aminophenyl)}benzidine (HIM73: compound No. 26) was used for the aforesaid HIM 33 
(compound No. 3). 

Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
10 device was found to emit yellow light of 24,800 cd/m 2 (with a light emission maximum wavelength Xmax = 565 nm and 
chromaticity coordinates of x_= 0.49 and y = 0.50) at 13 V and 1,155 mA/cm 2 . This light emission remained stable over 
a period of 10,000 hours or longer in a dry nitrogen atmosphere. Nowhere in the device were the occurrence and growth 
of local non-emitting spots observed. When the device was driven with a constant current of 30 mA/cm 2 , the half life of 
luminance was 1.000 hours (with an initial luminance of 1,841 cd/m 2 , an initial driving voltage of 6.76 V, and a driving 
15 voltage increase of 2.5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C, 
and 120°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

20 Example 5 

A device was prepared as in example 1 with the exception that N.N'-diphenyl-N.N'-bistN-phenyl-N-tN-phenyl-N^- 
tolyl(4-aminophenyl)](4-aminophenyl)}benzidine (HIM74: compound No. 25) was used for the aforesaid HIM33 (com- 
pound No. 3). 

25 Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 24,800 cd/m 2 (with a light emission maximum wavelength Amax = 564 nm and 
chromaticity coordinates of x = 0.49 and y = 0.50) at 13 V and 1,155 mA/cm 2 . This light emission remained stable over 
a period of 10,000 hours or longer in a dry nitrogen atmosphere. Nowhere in the device were the occurrence and growth 
of local non-emitting spots observed. When the device was driven with a constant current of 30 mA/cm 2 , the half life of 

30 luminance was 1,000 hours (with an initial luminance of 1,841 cd/m 2 , an initial driving voltage of 6.76 V, and a driving 
voltage increase of 1 .5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C, 
and 120°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

35 

Example 6 

A device was prepared as in example 1 with the exception that N l N'-diphenyl-N > N , -bis[N-phenyl-N-4-tolyl(4-ami- 
nophenyl)]benzidine (HIM35: compound No. 10) or N,N , -diphenyl-N,N'-bis{N-phenyl-N-[N-phenyl-N-1-naphthyl(4-ami- 
40 nophenyl)](4-aminophenyl)}benzidine (HIM78: compound No. 40) was used in place of the aforesaid HIM33 (compound 
No. 3). Equivalent results as in example 1 were obtained. Even with other exemplified compounds, equivalent results 
were obtained. 

Example 7 

45 

A device was prepared as in example 1 . Instead of the hole transporting layer of example 1 , however, a hole trans- 
porting and light emitting layer was formed by mixing a hole transporting material TPD, rubrene, i.e., a light emitting 
material having such a structure as given below and aluminum quinolinol (Alq 3 ), i.e., an electron injecting material hav- 
ing such a structure as given below at a weight mixing ratio of 5:5:1 to form a mixed layer of 40 nm in thickness by 
so means of triple co-evaporation. Thereafter, aluminum quinolinol (Alq 3 ) was evaporated to a thickness of 30 nm. 
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Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 21 ,400 cd/m 2 (with a light emission maximum wavelength Xrnax = 565 nm and 
chromaticity coordinates of x = 0.48 and y = 0.50) at 14 V and 767 mA/cm 2 . This light emission remained stable over a 
period of 10,000 hours or longer in a dry nitrogen atmosphere. When the device was driven with a constant current of 
25 30 mA/cm 2 , the half life of luminance was 400 hours (2,120 cd/m 2 , an initial driving voltage of 7.9 V, and a driving volt- 
age increase of 4.5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C. 
Variations in the light emitting surface were already observed after the lapse of 1 0 hours. Dark spots occurred and con- 
tinued to grow. 

30 

Comparative Example 2 

A device was prepared as in example 1 with the exception that copper phthalocyanine having such a structure as 
given below and a thickness of 10 nm was used for HIM33 (compound No. 3). 

35 




copper phthalocyanine 



50 



Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 21 ,000 cd/m 2 (with. a light emission maximum wavelength A.max = 565 nm and 
55 chromaticity coordinates of x = 0.49 and y = 0.50) at 14 V and 532 mA/cm 2 . When the device was driven with a constant 
current of 30 mA/cm 2 , the half life of luminance was found to be 200 hours (1 ,873 cd/m 2 , an initial driving voltage of 6.50 
V, and a driving voltage increase of 8.0 V). Thereafter, no precise luminance could be measured due to growing dark 
spots. 
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In another test run a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C. 
Variations in the light emitting surface were already observed after the lapse of 10 hours. Dark spots occurred and con- 
tinued to grow. 

5 Example 9 

A glass substrate having a 100 nm-thick ITO transparent electrode (a hole injecting electrode) was ultrasonically 
washed with neutral detergent, acetone, and ethanol, and then pulled up from boiling ethanol. followed by drying. This 
substrate was cleaned with UV/0 3 , and fixed to a substrate holder in a vacuum evaporation system, which was evacu- 
ated to a vacuum of 1 x 10" 6 Torr (10 4 Pa). 

Then, the aforesaid N.N , -diphenyl-N,N'-bis[N-phenyl-N-4-tolyl(4-aminophenyl)]ben2idine (HIM34: compound No. 

2) was evaporated at a deposition rate of 2 nm/sec. to a thickness of 200 nm. 

With the vacuum still kept, Al was evaporated at a deposition rate of 2 nm/sec. to a thickness of 200 nm to form an 
electron injecting electrode, thereby obtaining a single layer device. 

Upon the application of voltage to this device, a current of 100 mA/cm 2 was passed at 5 V through it. When the 
device was driven with a constant current of 100 mA/cm 2 , the current flowed in a stable manner over 1.000 1 hours. In 
the meantime, a voltage increase was 0.5 V. Furthermore, the voltage vs. current density characteristics of this device 
were measured. The results are shown in Fig. 20. 

After the lamination on the device of the aforesaid N,W-diph S nyl-N,N'-bis[N-phenyl-N-4-tolyl(4-am.nophenyl)]^ ben- 
zidine (HIM34: compound No. 2). the Hole mobility was found to be 2.7 x 10 3 cm 2 /Vs as measured by the time-o^ight 
method. This value is at least twice as high as that of a general hole injecting and transporting material TPD, i.e.. N.N - 
.bis(3-methylphenyl)-N.N'-diphenyl-1.1 , -biphenyl-4,4'-diamine. 

f-rtmpflrafofi Example 3 

A device was obtained as in example 9 with the exception that the aforesaid MTDATA was used in place of HIM34. 
Upon the application of voltage to this device, a current of barely 20 mA/cm 2 was passed at 5 V through , rt. When 
the device was driven with a constant current of 100 mA/cm 2 , the current flowed in a stable manner over 1 .OOOhou^. 
in the meantime, however, a voltage increase was as large as 3.1 V. Furthermore, the voltage vs. current density char- 
acteristics of the device were measured. The results are shown in Fig. 20. 

Ascanbe seen from Fig. 20, the device of the invention makes it possible to obtain a much higher current density 
at the same voltage because of its enhanced hole supply eff iciency. 

Fyatnple 10 

An organic EL device was prepared as in example 2 with the exception that the thickness of the hole injecting layer 
containing f N.N'-diphenyl-N.N--bis[N-phenyl-N-4-tolyl(4-an 1 inophenyl)]benzidine (HIM34: compound No. 2) was 

ZSZ^rZ this organic EL device so that a current was passed 
device was found to emit yellow light of 24,500 cd/m 2 (with a light emission maximum wavelength Xmax = 565 nm and 
chromaSy coordinates of x = 0.47 and y = 0.51) at 13 V and 800 mA/cnr 2 . This light emission remained stable over a 
period of 1 0.000 hours or longer in a dry argon atmosphere. Nowhere in the device were *e occurrence and , grow* o 
local non-emitting spots observed. When the device was driven with a constant current of 30 mA/cm 2 the half life of 
llta^ce^as S hours (wrth an initial luminance of 1,800 cd/m 2 , an initial driving voltage of 7.6 V. and a dnvmg 

45 ^TaSrTest a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85-C. 

The emftting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere in the device 

were the occurrence and growth of dark spots of 0. 1 mm or greater observed. 

From t^results mentioned above, it is understood that even when the layer containing the compound of the inven- 
50 tion is thick, there is no substantial driving voltage increase. 

APPLICABILITY OF THE INVENTION TO INDUSTRY 

The organic ELdevice constructed using the compound of the invention is substantially free from a driving voltage 
55 increase or a luminance drop and a current leakage with neither development nor growth of local non-em.tt.ng spots 
2 le HsdXenTnd so is capable of emitting light with high luminance, and high reliability such as high heat resist- 
ance AccS to the irwentSn. the optimum work function can be imparted to a hole injecting electrode or an organic 
material combined therewith, so that a device emitting light continuously with high reliability can be achieved. 
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Furthermore, it is possible to achieve an organic EL device having high Hole mobility and ever higher current den- 
sity. 

Claims 

1. An organic EL device comprising organic compound layers, at least one of which has a skeleton represented by 
formula (I): 




where Lq is any one of o-, p-, and m-phenylene groups which have two, three or four rings and which may have a 
substituent with the proviso that when Lq is a phenylene group having four rings, the phenylene group may have an 
unsubstituted or substituted aminophenyl group somewhere therein, R 0 i . B 02 , R03 and R 04 are each anv one °* the 
following groups: 




where R 11( R 12 , R-13. R14. R 15. R16 and R 17 are each a substituted or unsubstituted aryl group, and r 1t r 2 , r 3 and r 4 
are each an integer of 0 to 5 with the proviso that r 1 +r 2 + r 3 + r 4 ^1. 

2. The organic EL device of claim 1 , wherein a set of phenylene groups represented by Lo is a 4,4'-biphenylene group. 

3. An organic EL device comprising at least two organic compound layers, wherein the organic compound layer 
recited in claim 1 or 2 is an organic compound layer having a function of injecting and transporting holes. 

4. An organic EL device comprising three or more layers including at least an organic compound layer having a func- 
tion of injecting holes and at least an organic compound layer having a function of transporting holes, wherein: 

the organic compound layer recited in claim 1 or 2 is an organic compound layer having said function of inject- 
ing holes. 

5. The organic EL device of claim 3 or 4, wherein at least one layer of said organic compound layers includes a light 
emitting layer containing a hole transporting compound and an electron transporting compound. 

6. The organic EL device of claim 5, wherein said light emitting layer exists between the organic compound layer hav- 
. ing a function of injecting holes and/or the organic compound layer having a function of transporting holes and the 

organic compound layer having a function of transporting electrons and/or an organic compound layer having a 
function of injecting electrons. 

7. An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer hav- 
ing a function of injecting and transporting holes as recited in claim 3, an organic compound layer having a function 
of transporting holes, a light emitting layer, and an electron injecting electrode laminated on said hole injecting elec- 
trode in the described order. 
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8 An organic EL device comprising a hole injecting electrode, and including at least an organic compounc I layer hav- 
!SSS«ri injecting holes as recited in claim 4, a light emitting layer, and an electron mgecbng electrode lam- 
inated on said hole injecting electrode in the described order. 

9. The organic EL device of any one of claims 3 to 8, wherein said organic compound layer having a function of inject- 
ing holes has a thickness of at least 100 nm. 

1 0. The organic EL device of any one of claims 5 to 9, wherein said layer containing said compound has a Hole mobility 
ofatleast1.0x10 _3 cm 2 /Vs. 

11. TheorganicELde^ofanyon 

is up to a half of that of said light emitting layer. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



1 m 



EP 0 891 121 A1 



FIG. 1 
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FIG. 20 
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